Chromium is a transition metal that usually occurs in nature in trivalent and hexavalent forms. The hexavalent form of chromium is more toxic compared with trivalent chromium because of its mutagenic and carcinogenic nature [22] . Chromium contamination in the biosphere is of great concern because of the toxic effects of chromium compounds on human beings and other living organisms [11] . Chromium compounds are extensively used in metal plating, paints and pigments, steel production, wood preservation, and the leather industry [6] . Leather making is an environmentally challenging process. Tanning is the key process that renders stability to the skin matrix against microbial degradation, heat, sweat, etc. Usually, Cr used in leather tanneries is in the form of Cr(III). During leather processing, Cr(III) is converted into Cr(VI). Leather tanning is one of the leading foreign exchanges earning industries in Pakistan. In 1998-1999, the exports of leather and leather goods reached US $520 million, making it the third largest export earning industry in Pakistan [38] . It is estimated that from the Kasur tanneries alone, about 160 tons of poisonous chromium is discharged into a nearby water body annually [21] , while 1.1 million liters of wastewater from tanneries in Sialkot containing a high amount of Cr(VI) is discharged daily into the sewerage drains, ponds, and open agricultural lands without any proper treatment [38, 44] . This increased concentration of chromium is toxic to living organisms despite the fact that chromium is required as an essential micronutrient for stabilization of nucleic acids, stimulation of enzyme systems, and glucose metabolism [42, 45] . The most commonly used conventional methods for the removal of Cr(VI) are (a) reduction to Cr(III) followed by precipitation as chromium hydroxide, (b) removal by ion exchange, and (c) removal by adsorption. These methods are very costly owing to operational, treatment, and sludge disposal costs [16] . Microbial reduction of Cr(VI) to Cr(III) is potentially useful for the remediation of Cr(VI)-contaminated environment as it is cost-effective in comparison with conventional methods [8, 32] . Bacterial Cr(VI) reduction can occur under anaerobic and/or aerobic conditions. The aerobic Cr(VI) reduction is generally associated with soluble proteins, with NADH as an electron donor either as a requirement or for enhanced activity. Organisms may also reduce Cr(VI) under anaerobic conditions via the mediation of either a soluble reductase, a membrane-bound reductase, or both [4, 27, 31, 33] . Ocrobactrum intermedium Rb-2 was previously isolated from metal-contaminated environment and has been shown to reduce hexavalent chromium [13] . The objective of the present work was to evaluate the chromate reduction potential of the isolated Ochrobactrum strain and its possible use for the cleaning of Cr(VI)-contaminated environment.
MATERIALS AND METHODS

Bacterial Strain and Growth Conditions
Ochrobactrum intermedium, a Gram-negative Cr(VI)-reducing bacterial strain previously isolated from tannery effluent, was obtained from MMG bacterial stock cultures. It was normally stored in LuriaBertani (LB) agar (pH 7.0) at 37 o C.
Identification of Bacterial Strain
Genomic DNA was extracted using a DNA extraction kit (Fermentas) from overnight bacterial culture (Luria-Bertani broth) incubated at 37 o C and 150 rpm shaking. Genomic DNA was sent to Macrogen Inc. Seoul, Korea for 16S rRNA gene sequencing. The reverse primer was converted to a reverse complementary sequence with Chromas Lite 2.01 (Technelysium Pvt. Ltd, Australia). Forward, reverse, and internal sequences were edited, aligned, and assembled using CLC DNA Workbench software. The consensus sequences were checked against GenBank using BlastN. Maximum homology of the query sequences to the database sequences was determined [5, 30] .
Estimation of Cr(VI) Reduction Potential
For hexavalent chromium reduction, three initial K 2 CrO 4 concentrations (100, 500, and 1,000 µg/ml) were used. DeLeo and Ehrlich (DE) medium (g/l: tryptone 10, yeast extract 5, NaCl 5, citric acid 1, Na 2 HPO 4 6.9) was used for the experiments. Bacterial culture was aerobically grown at different temperatures (28, 37, and 42 o C) at pH 7.0 and 150 rpm shaking. Samples (1 ml each) were withdrawn aseptically and the concentration of Cr(VI) in the supernatant was determined by 0.25% (w/v) Cr(VI)-specific colorimetric reagent 1,5-diphenyl carbazide prepared in acetone [9] . For total chromium analysis, the sample was first digested with a mixture of sulfuricnitric acids and oxidized with potassium permanganate before reacting with diphenyl carbazide and determined spectrophotometrically. Cr(III) concentration was determined from the difference between total chromium and hexavalent chromium [3] .
Effects of Different Carbon Sources on Bacterial Cr(VI) Reduction
For this experiment, 1 ml of bacterial suspension (10 8 to 10 9 CFU/ml) was added to 100 ml of slightly modified minimal broth (g/l: NH 4 Cl 1.0, MgSO 4 0.2, FeSO 4 0.001, CaCl 2 0.001, yeast extract 0.5, K 2 HPO 4 0.5) amended with 1,000 µg/ml of K 2 CrO 4 . Different carbon sources (glucose, gluconate, acetate, and citrate) were added to the inoculated broth at the concentration of 1.0% (w/v) and incubated at 37 o C for up to 96 h. After a specific interval of time, samples were withdrawn aseptically and centrifuged (10,000 ×g for 10 min) at 4 o C.
The amount of Cr(VI) in the supernatant was measured by the standard diphenyl carbazide method [9] .
Bacterial Immobilization and Cr(VI) Reduction
Bacterial strain was grown aerobically in Luria-Bertani (LB) broth for 24 h at 37 o C. Cells were harvested and resuspended in normal saline. Bacterial population was adjusted to10 8 to 10 9 CFU/ml. Sodium alginate solution (2%) was prepared and autoclaved. The bacterial culture and alginate solution were mixed in a 1:4 ratio and shaken for 2 h so that cells were thoroughly mixed in the alginate solution. The shaken mixture was poured dropwise into 50 ml of 2% calcium chloride solution in a beaker with continuous shaking by using a sterile 10 ml disposable plastic syringe with a 21-G needle. The fallen drops were transformed into beads. The calcium chloride with beads was left overnight at room temperature so that the beads were hardened. After 24 h, the beads (3-5 mm in diameter) were washed with sterile distilled water repeatedly. The whole procedure was carried out in aseptic conditions. The beads were stored at 4 o C. Beads were transferred to DeLeo and Ehrich medium containing 1,000 µg/ml of Cr(VI) at pH 7.0 and incubated at 37 o C for 24, 48, and 72 h at 150 rpm. After incubation, reduction of Cr(VI) by mobile and immobile bacterial strain was monitored by using the the diphenyl carbazide method spectrophotometrically at 540 nm [9] .
Cr(VI) Reduction in Industrial and Artificial Sewage Water
Reduction potential was checked in industrial and artificial sewage water. Industrial sewage water sample was collected in sterilized screw-capped bottles from the drain of an industrial area of Kalashah Kaku (Latitude: 31 o 37' 18 N, Longitude: 74 o 9' 59 E), near Lahore, Pakistan which was receiving waste sewage water from different industries. Artificial sewage water was prepared as shown in Table 1 [34]. Industrial sewage water was autoclaved (121 o C and 15 lb/inch 2 for 15 min) before inoculation. The bacterial strain was grown in industrial and prepared artificial sewage water for 72 h and the concentration of chromium was determined as described above [9] . Dist. Water Up to 1,000 ml
